Introduction
============

Smoking is a public health issue, not only from the lung cancer, cardiovascular and cerebral disease point of view, but also as a significant oral health risk ([@r1], [@r2]). Epidemiological data on the prevalence of smokers in the United States reveal an average of 20.6% of smokers in the adult population ([@r3]). In Croatia, the prevalence of smokers was researched in general population and in a population of high-school students ([@r4]-[@r8]). There is a strong socioeconomic connection among the subpopulations of smokers ([@r3], [@r5], [@r9]).

During the 1990s, caries prevalence had a downward trend in developed countries, but the latest studies reveal a global increase due to pronounced etiologic socioeconomic factors ([@r10]). However, caries prevalence was highest in lower socioeconomic strata and in different population subgroups such as recruits ([@r11]-[@r23]), adolescents ([@r24], [@r25]), and students ([@r26], [@r27]).

The aim of this study was to evaluate dental caries experience of male Croatian Army recruits, and subsequently, their smoking habits. They were compared with male dental students. Apart from the study of caries in the recruit population and its relation to smoking ([@r28], [@r29]), the relationship between caries and smoking and socioeconomic circumstances ([@r29]) is rarely researched. Since caries is related to smoking, which is common in the recruit population ([@r30]), this study examined the relation between smoking and socioeconomic circumstances the recruits come from, primarily their education, dietary habits, and rural or urban place of residence. Also, difference between smokers and nonsmokers regarding their oral hygiene habits was examined.

Subjects and Methods
====================

A group of male Croatian Army recruits (mean age ± standard deviation (SD) 20.1±2.28, ranging from 18 to 29 years) were clinically observed and evaluated in 2000 at a dental office in Koprivnica barracks (north-west Croatia) during a systematic medical checkup. The second group consisted of 56 male dental students from 1^st^ to 4^th^ study year at the School of Dental Medicine, University of Zagreb (mean age ± SD 21.5±1.65, ranging from 19 to 25 years), selected from practical study groups. All participants gave their informed consent prior to enrolment in the study.

Caries experience of recruits was diagnosed by standard dental instruments and diagnostic light and Kuhhorn probe. Different effects of dental caries experience on oral health were described by the FST index (number of filled (F) and sound (S) teeth (T)) and DMFT index (number of decayed (D), missing (M) and filled (F) teeth (T)). This clinical classification includes diagnosed caries lesions (D) with cavitations (D~2-4~) that can be identified by probing. Initial lesions were not considered ([@r31], [@r32]). Wisdom teeth were not examined. The study included recruits who had no caries experience (DMFT=0). No radiographs were taken because the x-ray diagnostics was only accessible in the public hospital of Koprivnica. All subjects were divided according to age and place of residence (urban or rural) ([@r33]). They were also interviewed about their dietary habits (consumption of sugar -- yes, no), daily number of tooth brushing (1, 2, 3, or \>3), reason to visit the dentist during a year (regularly, irregularly) and smoking of tobacco (yes, no). Level of education (elementary school, high school, and university level) was only recorded in recruits.

Statistical analysis was performed by using the STATISTICA statistical software and the following statistical methods: χ^2^-test, Kruskal-Wallis test, Fisher exact test, Spearman correlation coefficients, and logistic regression. Differences were considered statistically significant at the level of p\<0.05.

The reliability of the results was tested by random selection of 30 recruits from this study for repeat examination by two researchers (T.B. and I. S. P.). The intra-examiner and inter-examiner agreements were evaluated by Cohen kappa index (κ=0.75-0.84). Follow-up examination was carried out after a certain period and the examiners were not informed about the results of the first oral examination of recruits.

Test differences in the DMFT and FST indices among the subgroups according to the living area, age, consumption of sugar, smoking habit of recruits, and daily number of tooth brushings of recruits were examined by use of Kruskal-Wallis test. Comparison between living areas of recruits with smoking habit and level of education was performed by the χ^2^-test and the reason to visit the dentist during a year by Fisher exact test. Spearman correlation coefficients were used to compare numerical variables, i.e. age of recruits, DMFT index with its derivative, FST index, and daily number of tooth brushings. Test differences in the DMFT index depending on smoking habit of recruits were examined by the analysis of variance. The relation between the living area and the level of education as predictor variables for smoking habit of recruits was analyzed using logistic regression. Kruskal-Wallis test was used on comparison of DMFT and FST indices between recruits and students. The χ^2^-test was used to compare living area of recruits with smoking habit and reason to visit the dentist during a year.

Results
=======

The median value of DMFT was 6 ([Fig. 1](#f1){ref-type="fig"}, [Table 1](#t1){ref-type="table"}) and of FST index 25 ([Fig. 2](#f2){ref-type="fig"}, [Table 1](#t1){ref-type="table"}). Only 4% of recruits never experienced caries (DMFT=0). Correlation analysis (Spearman correlation coefficients) did not show statistically significant correlation between age and DMFT index and its derivatives. Positive correlation between DT and MT (p\<0.001) and negative correlation between FT and DT (p=0.0009) were recorded within certain indices on the basis of DMFT index. There was no statistically significant correlation between DMFT and FST indices and daily number of tooth brushing.

![Distribution of DMFT index in the sample of recruits (DMFT = number of decayed (D), missing (M) and filled (F) teeth (T)).](acc-57-510-f1){#f1}

###### Comparison of recruits with smoking habit according to living areas

  -------------------------------------------------------------------------------------------
      Living area       Smoking -- yes (n, %)       Smoking -- no (n, %)       Total (n, %)
  ----------------- --------------------------- -------------------------- ------------------
      Urban             78\                         59\                        137\
                        56.93%\                     43.07%\                    100.0%\
                        31.45%                      23.79%                     55.24%

      Rural             65\                         46\                        111\
                        58.56.0%\                   41.44%\                    100.0%\
                        26.21%                      18.55%                     44.76%

      Total             143\                        105\                       248\
                        57.66%                      42.34%                     100.0%
  -------------------------------------------------------------------------------------------

![Distribution of FST index in the sample of recruits (FST = number of filled (F) and sound (S) teeth (T)).](acc-57-510-f2){#f2}

No connection (p\>0.05) was found between smoking and DMFT, DT, MT, FT and FST indices in recruits. There was no difference in smoking habits according to the age of recruits (χ^2^-test=2.7052; p=0.100), and the reason to visit the dentist during a year (Fisher exact test, p=0.0701). There was no statistically significant difference between living areas of recruits with smoking habit (χ^2^-test=0.066; p=0.7969) ([Table 1](#t1){ref-type="table"}). Comparison between the levels of education of recruits with smoking habit revealed a statistically significant difference (χ^2^-test=11.698; p=0.0029) ([Table 2](#t2){ref-type="table"}). However, the number of recruits with finished elementary school coming from a rural area who smoked was significantly larger (logistic regression odds ratio (OR)=7.076/95% confidence interval (95% CI) 1.858-26.955; p=0.0041).

###### Comparison of recruits with/without smoking habit according to the level of education

  ------------------------------------------------------------------------------------------------------------------------------
      Variable             Elementary school (n, %)       High school (n, %)       University degree (n, %)       Total (n, %)
  -------------------- ------------------------------ ------------------------ ------------------------------ ------------------
      Smoking -- yes       42\                            95\                      6\                             143\
                           29.37%\                        66.43%\                  4.20%\                         100.0%\
                           16.94%                         38.31%                   2.42%                          57.66%

      Smoking -- no        13\                            82\                      10\                            105\
                           12.38%\                        78.10%\                  9.52%\                         100.0%\
                           5.24%                          33.06%                   4.03%                          42.34%

      Total                55\                            177\                     16\                            248\
                           22.18%                         71.37.7%                 6.45%                          100.0%
  ------------------------------------------------------------------------------------------------------------------------------

There was a statistically significant difference for recruits who smoked in DT (Kruskal-Wallis test=7.9527 (df)2; p=0.0188) and FST (Kruskal-Wallis test=10.9526 (df)2; p=0.0042) indices according to the level of education. There were no differences in DT and FST indices for nonsmokers (p\>0.05). Also, smokers showed a statistically significant difference in DT (Kruskal-Wallis test=4.2851 (df)1; p=0.0384) and FST (Kruskal-Wallis test=4.1237 (df)1; p=0.0423) indices according to dietary role of carbohydrates reflected in caries development. Again, there was no statistically significant difference in nonsmokers.

Recruits who smoked did not consider the consumption of sugar more irrelevant to oral health (χ^2^-test=1.211; p=0.2711) ([Table 3](#t3){ref-type="table"}). There was no difference in daily number of teeth brushing between smoking and nonsmoking recruits (Kruskal-Wallis test=0.0021(df1); p=0.9638). There was no statistically significant difference (χ^2^-test=3.362; p=0.0667) according to the reason to visit the dentist *per* year.

###### Comparison of recruits with/without smoking habit according to dietary habits (sugar consumption)

  ------------------------------------------------------------------------------------------
      Variable             Sugar -- yes (n, %)       Sugar -- no (n, %)       Total (n, %)
  -------------------- ------------------------- ------------------------ ------------------
      Smoking -- yes       41\                       102\                     143\
                           28.67%\                   71.33%\                  100.0%\
                           16.53%                    41.13%                   57.66%

      Smoking -- no        37\                       68\                      105\
                           35.24%\                   64.76%\                  100.0%\
                           14.92%                    27.42%                   42.34%

      Total                578\                      170\                     248\
                           31.45%                    68.55%                   100.0%
  ------------------------------------------------------------------------------------------

Comparison of recruits and students showed a statistically significant difference in DMFT and FST indices ([Table 4](#t4){ref-type="table"}). Only 12.5% of students never experienced caries (DMFT=0). While the mean percentage of treated teeth in recruits was 49%±37%, it was as high as 94.3%±17.8% in students (Kruskal-Wallis test=114.8045 (df)1; p\<0.0001). As much as 28.2% of recruits had completely untreated teeth (healed teeth 0%), and only 18.6% had completely treated teeth (healed teeth 100%). On the contrary, only one student (1.9%) did not have treated teeth and 75% of them had completely treated teeth. The share of students (85.7%) coming from an urban place of residence as compared to recruits (45.1%) was statistically significant (χ^2^-test=17.8076; p\<0.0001).

###### Comparison of values of DMFT and FST indices between recruits and dental students (Q~1~=25%, Q~2~=75%)

      Variable                                            Minimum       Q ~1~       Median       Q ~2~       Maximum
  --------------------------------------------------- ------------- ----------- ------------ ----------- -------------
      DMFT -- recruits                                    0             4           6            10          22
      DMFT -- students                                    0             2           5            8           14
      Kruskal-Wallis test=4.6687 (df)1; p=0.0307                                                         
      DT -- recruits                                      0             1           2            4           14
      DT -- students                                      0             0           0            0           3
      Kruskal-Wallis test=67.5544, df(1); p\<0.0001                                                      
      MT -- recruits                                      0             0           1            2           13
      MT -- students                                      0             0           0            0           4
      Kruskal-Wallis test=30.1880, (df)1; p\<0.0001                                                      
      FT -- recruits                                      0             0           2            5           19
      FT -- students                                      0             2           5            8           14
      Kruskal-Wallis test=13.4869, df(1); p=0.0002                                                       
      FST -- recruits                                     7             22          25           27          28
      FST -- students                                     24            28          28           28          28
      Kruskal-Wallis test=72.1599 (df)1; p\<0.0001                                                       

Q = quantile; DMFT = number of decayed (D), missing (M) and filled (F) teeth (T); FST = number of filled (F) and sound (S) teeth (T)

Unlike recruits who mostly (68.6%) did not consider sugar consumption relevant to oral health, a significantly smaller share of students considered it to be true (10.7%) (χ^2^-test=62.6843; p\<0.0001). The share of recruits who were smokers (57.7%) was significantly larger than the share of students (28.6%), which also yielded a statistically significant difference (χ^2^-test=15.4964; p\<0.0001).

Discussion
==========

Oral health is related to nicotinism (principally cigarette smoking) and includes various dental diseases (e.g., periodontal diseases, caries and tooth loss, gingival recession) and oral diseases such as cancer and precancerous lesions ([@r2], [@r34]). Smoking is one of the leading risk factors for stroke, and it does not spare younger population ([@r35]). Tobacco habits are considered risk factors for caries development ([@r2]).

Taking into account the fact that contemporary Croatia is a country with characteristics of socioeconomic transition, more smokers and more caries in various groups of general population are to be expected. Studies in young people such as medical students found the prevalence of smokers in 1989/2000 to be 29%/31% ([@r6]). A very high prevalence of smokers of 55.8% was found in a population of high-school students ([@r7]). Zajc *et al*. ([@r30]) found close correlation (p\<0.001) between recruits who were smokers (63.8% of sample) and dental readiness for combat.

Epidemiological data from Croatia show variable prevalence of smokers (between 23% and 32%) in different regions ([@r4]). Results of the epidemiological study of smoking prevalence in Croatia from 2003 showed 24%-33% of male smokers and 10%-21% of female smokers, depending on the region ([@r8]). The prevalence of heavy smoking in Croatia depended on gender (male), age (35-64), low education, migrations during the war, etc. ([@r5]).

Military recruits were researched in many countries worldwide from the aspect of general population oral health. Results revealed the mean value of DMFT index of 8.06 for draft registrants in federal republics of former Yugoslavia (7.64 in rural subjects and 8.52 in urban subjects). For Croatian recruits, DMFT value was 8.41 (DT: 3.87, MT: 1.15 and FT: 3.39) and was higher in urban environment as compared with subjects living in rural environment (8.54 *vs*. 8.2; DMFT: 8.2) ([@r11]). Our study from 1998 established a median value of 7 for DMFT index for Croatian recruits from Koprivnica ([@r12]). Škec *et al*. ([@r14]) examined oral health of the Croatian Army recruits and professional soldiers. They found DT of 5.84 *per* recruit and 2.71 *per* professional. Only 1.53% of study subjects had DMFT=0.

In 2008, caries was found to have increased (DMFT value: 4.1) in Australian recruits aged 17-30 (previously recorded DMFT was 3.8) ([@r15]). In Danish recruits, a 63% decrease of caries was recorded between 1972 and 1993 (DMFT 6.2. in 1993) ([@r16]). In German recruits, the mean DMFT index was 7.5 ([@r17]). In Italian recruits, the mean DMFT was 7.14 ([@r18]). Campos *et al*. ([@r19]) confirmed correlation between dental caries and smokers in a sample of Italian adults attending Military Academy. Caries of dental surface ranged from 0.6 in the nonsmoker subgroup to 1.1 in heavy smokers. Also, the share of subjects without caries experience was 15.9%, which is not only higher from our sample of recruits but also from our sample of dental students. In Norwegian recruits, caries decrease to DMFT value of 10.2 was revealed ([@r20]). In a study including Swiss recruits, a DMFT value of 10.1 and 3.51 was established in 1985 and 2006, respectively ([@r21]). In Royal Air Force recruits, caries decrease to DMFT 6.5 was found ([@r22]). A study in Turkish recruits established a DMFT value of 6, with a significant relationship between DMFT value and sugar consumption ([@r23]).

Although caries prevalence increased in Australian Navy recruits, it was found that the prevalence of Australian recruits with no caries experience (DMFT=0) was 20.5% for age 17-30 ([@r15]). We found 2.6% and 9.3% of Croatian recruits with no caries experience in 1998 and 2001, respectively ([@r12], [@r13]). In a population of 19-year-old Croatian male recruits, the DMFT value was 7.32. The subjects who did not smoke tobacco had less decayed teeth (DT index, p\<0.001) and more teeth with fillings and/or sound teeth (FT, p=0.005 and FST, p=0.004) ([@r36]).

Since caries has a permanent effect on oral health, comparisons with the adolescent population are possible; in Danish adolescents, DMFT was 2.03, and 38% of them never experienced caries (DMFT=0) ([@r24]). The socioeconomic connection between caries onset and its effects on oral health was also determined in American students ([@r25]). Two subpopulations (suburban area/downtown area) of Brazilian adolescents were shown to be similar: caries free (DMFT=0) (29.7/26.5), DMFT (3.01/2.95), and MT (0.05/0.01). A statistically significant difference was visible for DT (1.22/0.37) and FT (1.67/2.52) values ([@r37]). All indicators of caries showed higher DMFT values in our study, whereas similar values were obtained only in a population of dental students regarding DT, MT and FT indices.

In a population of Hungarian police students (9.7% of females), it was determined that only 9.4% were caries free (DMFT=0), which is more than in our study. DMFT value was 10.3, whereas DT was 7.8 and MT 1.6, i.e. higher as compared with our study; the FT value was lower (0.9), showing higher caries experience and less treated teeth as compared to our study ([@r38]).

In a French population of students, a lower DMFT value was recorded (mean value 4.4) compared to our study, while the share of smokers was approximately the same (27.6% of French compared to 28.65% of Croatian students in this study) ([@r26]). In a recent study of oral health in students at the University of Zagreb, Šimat *et al*. ([@r27]) found the mean DMFT of 7.97, with a higher value for males than females. Dental students had a mean DMFT of 6.96 and the non-dental student group had DMFT of 8.97.

In conclusion, as in other parts of the world, caries incidence was found to decrease in the population of the Croatian Army recruits. This study was the first in Croatia to relate caries experience to smoking in a heterogeneous socioeconomic group of recruits. In order to increase the efficiency, smoking as a feature related to dental status should be reduced. Smoking was shown to be more prominent in recruits of lower education, which was also seen worldwide ([@r28]), but it did not depend on the living area, which other researchers did not investigate. Dietary habits and the method of oral hygiene were not different in smokers and nonsmokers, which was not considered in previous studies either. The index of filled and sound teeth (FST) is a more appropriate tool for describing variation in the population with higher caries experience, especially according to dietary role of carbohydrates. In comparison of recruits and dental students, 71.43% of the students were nonsmokers and had urban residence, whereas 57.66% of army recruits were smokers.

This study was carried out within the frame of the project entitled Orofacial Pain and Temporomandibular Disorders -- A Long Term Follow-up, University of Zagreb, Zagreb, Croatia.
